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Neanderthal dietary ecology
The dietary behaviours of Neanderthals and the relationship between their diet and their social organization, technological abilities, and even their eventual disappearance, have been hotly debated in the anthropological literature. Examining the diets of Neanderthals requires the synthesis of data that have been collected by numerous researchers over the last 150 years. In many cases, the differences between Neanderthal and early modern human diets have been emphasized, at the expense of cogent discussion of the variation within each group. Early modern humans lived in a wide variety of environmental contexts and likely pursued a variety of behaviours throughout this range of environments. The exclusively Eurasian distribution of Neanderthals did not include as many environments, but neither was it the exclusively cold Arctic climate that many have supposed it to be. A more detailed examination of the Neanderthal range and the effects of shifting global climates reveals that this group would have been exposed to a diverse range of environments (Hoffecker, 2009; MacDonald et al., 2009) . Just as modern human dietary behaviour likely varied with environments, so, too, can we predict that Neanderthals had different diets in different environments.
Our understanding of the diets of Neanderthals comes from three main lines of evidence. The first is the study of the human remains themselves, including the isotope signal recorded in their bones, the microwear on their teeth, and how factors of their lifehistory are related to diet. The second line of evidence includes the study of the remains of their food, in the form of animal and plant remains preserved at their sites. The third type of evidence comprises archaeological remains in the forms of tools and material culture and how these are related to food procurement and processing. This variety of dietary information is often confusing and, in places, contradictory. Data from different geographical areas and from different research methods provide different details about Neanderthal diets. However, when all of the data is examined rather coarsely, it appears likely that, generally-speaking, Neanderthals had a narrow diet and focused their attentions on large game, whereas a wider variety of foods characterized the diet of early modern humans.
The details of exactly how the diet changed, and why, are still a subject of considerable debate. Several researchers have used ethnographic analogues and applications of "dietary ecology" models in attempts to relate Neanderthal diet to other aspects of their behaviour. In general, these theories look for some limiting factor in the environment that determines how well an individual or species can acquire food and reproduce. These factors can be calories, other nutrients, or other aspects like time spent foraging or location of foraging areas. The models most commonly applied to Neanderthals and early modern humans are based on optimizing caloric intake. O'Connell (2006) suggested that because of their low-density populations, Neanderthals were able to focus almost exclusively on highly-ranked prey. In contrast, early modern humans living in Africa likely consumed a wider variety of animal foods, due in part to over-hunting of preferred prey as a result of increasing density of the human population. By about 50 ka, when modern humans moved into Eurasia, they likely competed with Neanderthals for large game. Moreover, they had developed new tool technologies (e.g. Bird and O'Connell, 2006) and new social structures (e.g. Kuhn and Stiner, 2006; Stiner and Kuhn, 2009 ) that allowed them to glean more food from the environment than did Neanderthals. Caught between competitive pressure from modern human groups and a worsening climate that preceded the Last Glacial Maximum, Neanderthals were no longer able to acquire sufficient calories from these diminishing supplies of large game. However, calories may have only been part of the explanation. Hockett and Haws (2003, 2005) have suggested that a wider diet would have provided more essential nutrients including vitamins and minerals. This increased nutritional quality lead to decreased mortality among pregnant females and infants in modern humans, which allowed them to reproduce at higher frequencies and outcompete Neanderthals.
A merit of these kinds of modelling approaches is that they attempt to take a variety of confusing and conflicting data and create a coherent summary. However, in most cases these dietary models have been applied with a very broad brush, potentially obscuring a large amount of regional variation in diet. Changing climate, population pressure, and other factors can strongly influence the dietary choices that a foraging group makes. Here we concentrate specifically on the dietary data from the Mediterranean coast of central and southeastern Iberia to illustrate how, in more temperate European environments, our picture of Neanderthal dietary breadth differs from the models such as those described above, which are based on evidence from both colder and more northern regions. In particular, Mediterranean Iberia is noteworthy because of the high density of Neanderthal sites and the abundance of its archaeological, faunal, and human remains during the Middle and Late Pleistocene periods.
Iberia as an ecological region compared to other Neanderthal habitats
The environment of Iberia presents an opportunity to study Neanderthal behaviour in a region defined by warmer temperatures, higher rainfall, and unique habitats compared to most of Europe. The region has long been the focus of palaeoenvironmental research, particularly because it was a refugium during several different glacial periods for temperate and Mediterranean flora and fauna (Hewitt, 1999; Barroso et al., 2006c; Gómez and Lunt, 2007) . Even today, southeastern Iberia is considered a biodiversity hotspot (Mota et al., 2002; Carrión et al., 2003) . Though these clement ecosystems were considerably more widespread across Europe during interglacial periods (Wenzel, 2007) , the diversity and longevity of temperate forest ecosystems late into the Middle Pleistocene in southeastern Iberia distinguishes the ecological potential of this European subregion.
The environmental characteristics of the region have been reconstructed by palynological studies at cave sites occupied by Neanderthals, both inland and near the coast. Pines, evergreen oaks and deciduous oaks are widespread (Carrión et al., 2003) . Open grasslands are implied by Poaceae and Chenopodiaceae, with stands of pines (Pinus nigra and Pinus sylvestris) co-existing and in constant progression or regression with an evergreen-forested fringe area of oak (Quercus sp.), juniper (Juniperus sp.) and wild olive tree (Olea sylvestris). Overall, the landscape appears to have included a mosaic of patchy sub-habitats, containing a Mediterranean flora, sclerophyllous shrubs (Phillyrea sp., Rhamnus sp., Myrtus sp., Lonicera sp., etc.), and typical "garrigue" or "matorral" plants (Cistus sp., Helianthemum sp., Ononis sp., Lamiaceae, etc.) (Carrión, 1992; Badal et al., 2012) . At the Murcian coastal site of Sima de las Palomas del Cabezo Gordo (55e42 ka: Walker et al., 2012 ) the tree pollen points to damp-temperate conditions (very different from present-day high levels of evaporo-transpiration with fewer than 200 mm of annual rainfall) because pines (Pinus nigra, Pinus halepensis, or Pinus pinea), evergreen oaks (Quercus ilex, Quercus rotundifolia, Quercus coccifera), and deciduous oaks (Quercus faginea, Quercus canariensis, or Quercus pyrenaica) were accompanied by common hazel (Corylus avellana), ash (Fraxinus), strawberry tree (Arbutus unedo), box (Buxus), and birch (Betula cf. celtiberica). Nearby coastal saltpans and marshes are indicated by Chenopodiaceae, boxthorn (Lycium) and paternostrera (Withania frutescens), while thermophytes such as dogbane (Periploca angustifolia) or red spike thorn (Maytenus europaeus) that readily succumb to frost imply that the mean annual temperature at Sima de las Palomas was much like today, perhaps barely 2 C lower (Carrión et al., 2003; Jennings et al., 2011) . It is nevertheless likely that elsewhere mean annual temperatures might well have fallen to 10 C below present values, particularly on high ground away from the coast or in more northerly latitudes around the central Mediterranean region of Iberia (Badal et al., 2012) .
The presence of warmer, wetter, and more diverse mosaic habitats is unusual, and no longer common in the area. The persistence of these mild climatic conditions in southern Iberia has been linked to the late survival of Neanderthals in this region Sepulchre et al., 2007; Finlayson, 2008) . It is likely that the environment provided a patchwork of localities where rainfall and warm or mild conditions maintained resourcerich habitats (Jennings et al., 2011) where Neanderthals may have had access to foods that were unavailable in other areas of Europe, particularly during cold periods. And, although we know that plant foods were available throughout the Neanderthal range in western Eurasia (Hardy, 2010) , palaeoenvironmental evidence suggests the climatic conditions of southeastern coastal Iberia supported abundant edible plant foods in excess of more northern regions. Crucially, plant foods would have been found in denser concentrations, thus rendering higher energy returns compared to further north, east and inland.
The Middle Palaeolithic in central and southeastern Mediterranean Iberia

Archaeological context and evidence
To understand better how Neanderthals used the unique environment of central and southeastern Mediterranean Iberia, we rely on the data collected from archaeological excavations in the area.
These data consistently show that the region was heavily populated during the Middle Palaeolithic and provide the first evidence of Neanderthal's dietary behaviour.
Neanderthal remains and Middle Palaeolithic archaeological and palaeontological finds in the Mediterranean region of Iberia were first discovered in the 19th century, and include several important fossils, notably the Forbes' Quarry skull from Gibraltar and the Banyoles mandible from Gerona. One of the first discoveries of Palaeolithic material from the central Mediterranean region was described by J. Vilanova i Piera in 1872, at the site of Cova Negra in Xàtiva, Valencia. More than 80 sites with Middle Palaeolithic levels are known in the area formed by Valencia (Fernández Peris and Villaverde, 2001) and Murcia . Some that have been excavated recently contain abundant stratified archaeological deposits (Fig. 1) ; important sites include Cova del Bolomor in Tavernes de Valldigna, Valencia (Fernández Peris, 2007) , Cova Negra in Xàtiva, Valencia , Abrigo de la Quebrada in Chelva, Valencia Eixea et al., 2011) , Cova Foradada in Oliva, Valencia (Campillo et al., 2002) , Abric del Salt and Abric del Pastor in Alcoi, Alicante (Galván et al., 2006 (Galván et al., , 2008 Gómez de la Rua et al., 2010) , Cova de Dalt del Tossal de la Font in Vilafamés, Castellón (Olària et al., 2004 (Olària et al., -2005 , Cueva Antón in Mula, Murcia (Zilhão et al., 2010) , Sima de las Palomas del Cabezo Gordo in Torre Pacheco, Murcia (Walker et al., 2012) , Cueva Perneras in Lorca, Murcia (Montes Bernárdez, 1991) and Cueva de los Aviones in Cartagena, Murcia (Montes Bernárdez, 1989) . Though several other sites are known, they are less wellpublished, usually with poor stratigraphical and chronological control. The abundance of archaeological sites suggests that the Iberian Mediterranean region area was widely populated during the Middle Palaeolithic.
Although only a few sites have Neanderthal skeletal remains, these provide important data about their diets, as discussed below. Human fossils have been recovered from Cova de Dalt del Tossal de la Font (Arsuaga and Bermúdez de Castro, 1984; Saladié et al., 2010) , Cova Negra (Arsuaga et al., 1989 (Arsuaga et al., , 2006 , Abric del Salt (Galván et al., 2001) , Cova Foradada (Campillo et al., 2002) and Sima de las Palomas (Walker et al., 2012) .
The archaeological record can help elucidate how the unique environments of the region were used. The area was settled early on, at least by MIS 21, as indicated by the Middle Paleolithic-like assemblage with small proto-Mousterian flakes and preNeanderthal fossils found at Cueva Negra del Estrecho del Rio Quipar (Scott and Gibert, 2009; Walker et al., 2013) . Later, classic Middle Paleolithic sites can be divided into at least two phases. An Early Middle Palaeolithic (prior to MIS 5) mainly known by Cova del Bolomor sequence, and a Classic Middle Palaeolithic (between MIS 5 and MIS 3) ending around 32.3 ka at the latest, based on the absolute radiometric dates from Cueva Antón. The sequences at Cova Negra and Cova del Bolomor confirm the occupation of the region during both phases. However, because these sites subsume large periods of time, it is not possible to confirm that the occupation was continuous. Based on the number of sites and findings, it appears there was a higher human presence in the region during MIS 4 and 3.
The two phases differ mostly in the size and morphology of the knapped blanks used. During the Early Middle Palaeolithic, the flakes are smaller and thicker and are usually heavily retouched, denticulate blades are common, and most tools are made on discoid cores. Limestone flakes are present during the first phase of Cova del Bolomor (level XII), with absence of bifacial tools and cleavers. During the Late Middle Palaeolithic, the blanks are less thick and the Levallois technique becomes common (especially from MIS 4 onwards). Quina-type knapping and associated thick side scrapers appear in lower levels at Cova Negra, while discoid knapping is dominant at the lower levels of Abrigo de la Quebrada. Points are more abundant during the Late Middle Palaeolithic, especially during MIS 4 and 3. Additionally, many of these points show evidence of use wear and impact marks, at much higher levels than on Early Middle Palaeolithic points.
The presence of impact marks is a significant sign of the dietary behaviour of these later Neanderthals. These marks have been found on points from Cova Negra, Abrigo de la Quebrada (Fig. 2) and Abric del Pastor Galván et al., 2007e2008; Villaverde et al., 2012) , and suggest increased reliance on hunting during the Classic Middle Palaeolithic. These data are coincident with evidence from other Middle Palaeolithic sites in northern Iberia (Rios, 2006) , France (Villa and Lenoir, 2006) and Italy (Villa et al., 2009) , confirming the importance of hunting weapons and meat acquisition.
Lithic use-wear studies on other types of stone tools suggest a diversity of tool use. Side scrapers from Cova Negra (Moriel, 1985) preserve evidence of heavy use on wood. Tools from Abric del Salt (Rodríguez et al., 2002) suggest woodworking, leather preparation and animal processing and consumption. At Abrigo de la Quebrada, the analysis of some small pieces that are the result of microlevallois technique suggests that these small flakes were used instead of formal retouched tools, and furthermore, that Neanderthals at this site had a diversified lithic production that was well adapted to seasonal occupations .
The raw material used to make these tools also provides us information about how the Neanderthals used their landscape. Flint is generally dominant, but at the upper levels (IIeV) of Abrigo de la Quebrada there is considerable variation, with quartzite and limestone also being important. At most sites the raw material is local (Molina et al., 2010; Eixea et al., 2011) . However, a few sites have tools made on raw material from distant sources. Some of the material found at Abrigo de la Quebrada (Eixea et al., 2011 ) comes from sources more than 100 km from the site. This pattern has also been observed in flint from Cova Negra and Abric del Salt. These data indicate high territorial mobility of Neanderthal groups, and, combined with evidence from use of animal resources (see point 4), are compatible with the high mobility models proposed for the region based on the alternation of human and carnivore occupations at Cova Negra (Villaverde et al., 1996) .
Other archaeological evidence also provides information about diets and landscape use. The use of fire, indicated by the presence of hearths in many of the sites, was common and widespread during this period (Fernández-Peris et al., 2012) . In addition, there is evidence for the use of fire at Cueva Negra del Estrecho del Río Quipar that is older than 780 ka, possibly corresponding to MIS 21 (Walker et al., 2013) , suggesting that fire use has a long history in this area. The studies of hearths and their spatial distribution at the sites have been published for Cova Negra (Soler, 2003) , Abric del Salt (Sistiaga et al., 2011) , Abrigo de la Quebrada , and Cova del Bolomor (Sañudo and Fernández Peris, 2007) . Knapping and consumption activities are associated to these hearths, which in most of the cases appear in levels that accumulate several superimposed occupations, indicating that fires were repeatedly burned in the same areas and formed palimpsests.
Finally, the archaeological material from the Mediterranean coast of Iberia also includes evidence that Neanderthals engaged in symbolic behaviours usually associated with modern humans. Perforated and pigment-stained marine shells (Acanthocardia, Glycimeris and Pecten) that have been attributed to symbolic use as body ornaments were recovered at Cueva de los Aviones and Cueva Antón (Zilhão et al., 2010) .
In summary, the archaeological evidence suggests that in the Middle Palaeolithic, Neanderthal occupation in the central and southeastern Mediterranean coastal region of Iberia was not continuous in time, but achieved a moderate to high density at least during some stages of MIS 3. Neanderthals hunted, processed plants, and had controlled use of fire. They may have had complex mobility strategies, where they engaged in a mix of long-distance travel and local or seasonal occupation of sites. Finally, in a few places they may have begun to develop symbolic behaviours. However, since these data are limited on diet itself, we turn to three lines of evidence (zooarchaeology, stable isotopes, and plant microremains) that give direct information on Neanderthal diets.
The zooarchaeological evidence: a wide variety of game consumption
Zooarchaeological dietary studies
The faunal record preserved at archaeological sites can give a very clear signal of the animals the inhabitants ate. Studies from Neanderthal sites outside Iberia suggest that Neanderthals hunted extensively (e.g., Lieberman, 1993; Lieberman and Shea, 1994) , but focused almost exclusively on large game (e.g., Stiner and Kuhn, 1992; Stiner et al., 2000; Stiner, 2006) , indicating a narrow diet. There is evidence that some Neanderthal groups in certain areas, such as the Caucasus (Adler et al., 2006; Adler and Bar-Oz, 2009) and France (Hardy and Moncel, 2011) , may have had a wider diet that included plants and smaller animals, but this pattern is not very widespread.
The climatic conditions of Iberia from MIS 5 to MIS 3, together with the higher carnivore:ungulate ratio observed in several Middle Palaeolithic levels of sites from eastern Iberia compared to other European sites (Villaverde and Martínez Valle, 1992; Pérez Ripoll and Martínez Valle, 2001) , and the fact that some large mammals, such as hippopotamus (Hippopotamus anphibius), elephant (Palaeoloxodon antiquus) or rhinoceros (Stephanorhinus hemitoechus), that went extinct in the rest of Europe before MIS 5 continued to exist later in Iberia, indicate that a different model is needed in Mediterranean Iberia to account for specific faunal changes than the one model offered for sites of the Euro-Siberian regions of similar chronology (Villaverde et al., 1998; Gamble, 1999) .
Between the earliest occupations from the end of the Early Pleistocene to the last Neanderthal populations of the Late Pleistocene, there were several climatic phases that altered the position of the coastline in the central Mediterranean region of Iberia more than in the southeastern and southern areas (Colonese et al., 2011: 87) . These changes, combined with the changes in humidity and dryness, affected the biotopes and distribution of animal biomass in various ways. During this period, there were several different animal communities that occupied this area. Some species were present during most of the sequence, particularly eurythermic taxa such as deer (Cervidae) and horse (Equidae). On the other hand, some temperate species from the last Interglacial period became rarer with time and eventually disappeared (Guérin and PatouMathis, 1996) . The unique characteristics of the Mediterranean portion of the Iberian Peninsula excluded animals from cold conditions that were typical in more northerly areas (Delpech and Guérin, 1996; Barandiarán et al., 2012) .
Various faunal studies from Middle Palaeolithic sites across the Iberian Peninsula indicate that Neanderthals obtained a wide variety of animals, scarcely different from the pattern observed in Iberian Early Upper Palaeolithic modern humans (Delpech and Grayson, 2007; Patou-Mathis, 2011) . For example, studies in western and southwestern Iberia suggest that Neanderthals (2013) 1e16consumed predominantly medium and large-sized game, with scant evidence of small prey (i.e. Hockett and Haws, 2009 ). In the central Mediterranean area of Iberia, the pattern is broadly similar, with much of the zooarchaeological evidence suggesting that Neanderthals were omnivores (Fischler, 2001 ) who obtained animal protein and fat mainly from medium-and large-sized herbivores, and hunted carnivores only sporadically. However, there is also evidence that they hunted small prey, quite often at some sites (Blasco and Fernández Peris, 2009; Brown et al., 2011) , though at a lower frequency than is seen in the Upper Palaeolithic (Fa et al., 2013) . Furthermore, in several areas, including Andalusia, Gibraltar and perhaps Murcia, Neanderthals used marine resources. In general, faunal patterns define the existence of complex resource management strategies by Neanderthals (e.g., Montes Bernárdez, 1988; Villaverde et al., 1996; Aura et al., 2002; Barroso et al., 2006a,b; Blasco, 2008; Sanchis and Fernández Peris, 2008; Stringer et al., 2008; Martínez Valle, 2009; Colonese et al., 2011; Cortés-Sánchez et al., 2011; Sanchis, 2012; Walker et al., 2012; Blasco and Fernández Peris, 2012a,b) .
The central area of the Mediterranean Iberian region
Although there are many Middle Palaeolithic sites in the central Mediterranean region of Iberia, there is limited faunal information. Three cave sites with good stratigraphy, Cova del Bolomor (Tavernes de Valldigna, Valencia), Cova Negra (Xàtiva, Valencia) and Cova Beneito (Muro d'Alcoi, Alicante), provide the main archaeozoological and taphonomic evidence. Subsistence activities of Neanderthal groups, including their use of the environment and consumption of fauna, have been inferred from these studies. Two other sites in the region, Abric del Salt and Abric del Pastor (Alcoi, Alicante), have good chronostratigraphical and occupational information, but no complete zooarchaeological analysis has yet been completed (Sarrión, 1990; Galván et al., 2001; Marrero et al., 2011) . A few other sites also have some faunal data, including Cova de Dalt del Tossal de la Font (Vilafamés, Castellón) (Olària et al., 2004e 2005 Saladié et al., 2010) , and Abrigo de la Quebrada (Chelva, Valencia) for the MIS 3 levels Sanchis et al., 2013) .
The data from zooarchaeological studies of the Valencian region can be separated conveniently into four principal phases: the Middle Pleistocene (MIS 9e6), the early Late Pleistocene (MIS 5e), the middle Late Pleistocene (MIS 5d-4), and the later Late Pleistocene (MIS 3).
The Middle Pleistocene (MIS 9e6)
This period is represented by most of the sequence at Cova del Bolomor (levels XVIIeVIII), and includes two harsher climatic periods (MIS 9/8 and 6) as well as a more clement one (MIS 7) (Fernández Peris, 2007) . Several studies have provided zooarchaeological and taphonomic data about the macrofauna (Blasco et al., , 2013 Blasco and Fernández Peris, 2009 , 2010 , 2012a , micro-mammals (Guillem, 2000) and most of the lagomorphs (Lagomorpha) Fernández Peris, 2008, 2011; Sanchis, 2012) . The common feature observed in all assemblages of the Middle Pleistocene levels is the great diversity of species: 12 taxa in level XI and XVIIc, 13 in level XII, and 16 in level XVIIa. Among them, rabbit (Oryctolagus cuniculus) is the most common animal both according to %NISP and MNI, with red deer (Cervus elaphus) and horse (Equus feruus) the next most common species. Fallow deer (Dama dama) and tahr (Hemitragus sp.) also appear constantly in the Middle Pleistocene levels, albeit with frequency values under 5%. Mega-herbivores such as elephant and rhinoceros are rare, as are aurochs (Bos primigenius) and carnivores . Most species are represented by adult individuals. Bones from medium-sized and large species are highly fragmented, while bones from small species are not, suggesting differential transport of these size classes, with selection of some parts in the case of larger taxa and transport of the entire carcass for smaller species. Cut-marks and percussion marks indicative of marrow processing are present on 12e13% (levels XII and XVIIa) of the remains, indicating that most of the fauna, including small prey such as birds and lagomorphs, was brought to the site by humans as food. Tooth marks and other evidence of carnivore intervention, for example by foxes (Vulpes sp.) and larger canids, are rare. Most of the fauna came from open valley and middle-mountain habitats, though some imply localities of high relief and others an aquatic source.
The human occupations corresponding to the Middle Pleistocene levels were probably of varying intensity, with periods of sporadic occupation interspersed with carnivore-dominated assemblages . In the periods of more intense human occupation, there is very little evidence of any carnivore activity (Blasco and Férnandez Peris, 2010) . Even among the small prey (birds, lagomorphs) there is evidence for human and nonhuman occupation of the cave. Some of the bones of the smaller game show evidence of digestion, or carnivore tooth-or beakmarks. However, other bones, including those from ducks (Aythia sp.) and lagomorphs, have cut-marks and human tooth-marks, clearly indicating that Neanderthals were consuming (or at least gnawing) these foods Fernández Peris, 2008, 2011; Fernández Peris, 2009, 2012a; Sanchis, 2012) . Blasco and Fernández Peris (2012a) argue that this consumption of lagomorphs and other small game indicates that a widening of the diet did not occur only in modern human populations, but had already appeared in Neanderthal groups.
It is difficult to establish the way the humans from this period consumed their prey, since the remains are not burned, and often the anthropogenic marks appear together with modifications by other carnivores. For at least one level (XVIIc), the appearance of biting and scraping marks, consistent with scraping the bone (instead of filleting), as well as the lack of evidence for burning, suggest that meat was consumed raw (Sanchis and Fernández Peris, 2008) .
The early Late Pleistocene (MIS 5e)
The later levels in the Cova del Bolomor sequence (VII to I) represent the temperate phases of the Last Interglacial (Fernández Peris, 2007; Fernández Peris et al., 2008) . Of these, level IV has a large assemblage that includes 30 species, which represents an increase over the lower levels (Blasco, 2008; Blasco and Fernández Peris, 2012b) . According to %NISP and MNI, there is a preponderance of rabbit and red deer. The Mediterranean tortoise (Testudo hermanni) is also common, as has been noted at other sites from this period (Morales and Sanchis, 2009 ). Other species show changes compared to the earlier periods: reduction in the coldpreferring horse species, increase in aurochs, and appearance of forest taxa such as wild boar (Sus scrofa). Tahr and fallow deer are present at consistently low percentages, and all other species appear only in very low frequencies. Carnivores are represented by five species, where the wolf (Canis lupus), fox (Vulpes vulpes), lion (Panthera leo) and lynx (Lynx pardinus) predominate over the bears (Ursidae) (Blasco and Fernández Peris, 2012b) .
Across all larger taxa, most of the specimens are of adults and are highly fragmented, consistent with human modification of fresh bone. Anthropogenic modifications such as cut-marks (7%), percussion fractures, bite-marks and burning are common. Cutmarks appear on ungulate bones, as well as on carnivores and small game, and are most abundant on red deer and rabbit. Intentional fractures also appear on several taxa (red deer, tahr, fallow deer, wild boar and tortoise). Evidence for burning appears on 62% of the remains, especially on long bones. Carnivore damage is rare, and appears as bite-marks or gnaw-marks and digestion marks, all of which are assigned to the action of small canids, probably foxes. In cases when human and carnivore marks appear on the same bones, the marks indicate that humans had first access and that carnivores scavenged from their scraps. In the case of the Mediterranean tortoise, butchering, cooking, and human consumption processes have been described (Blasco, 2008) .
Small game from this general period also suggests primary human accumulation (levels IV and Ia), with only one level (VIIc) showing evidence of primary carnivore accumulation. As with the larger game, the small game shows cut-marks, percussion marks, and burning, though less frequently than in later Upper Palaeolithic assemblages. Interestingly, there appears to have been differential processing of the fore and hind limbs of lagomorphs during this period. The forelimbs show evidence of burning consistent with roasting, while the hind limbs rarely have burning marks, and instead are fractured for marrow extraction . The inclusion of lagomorphs in Neanderthal diet could have been influenced by habitat characteristics as well as by the function and duration of the human occupations (Sanchis, 2012) .
These results indicate that, in Level IV, Neanderthals actively occupied the site and introduced almost all of the taxa present, showing preference for the animals that were most abundant in the landscape. From those species larger than w20 kg, they chose to transport only the parts with highest nutritional value to the cave, while smaller animals were transported whole and processed in the cave. The Neanderthals in this period show generalist behaviour based on the exploitation of a wide variety of game, which is among the earliest evidence for dietary diversification (Blasco and Fernández Peris, 2012b) .
The middle Late Pleistocene (MIS 5de4)
Assemblages from two caves, Cova Negra and Cova de Dalt del Tossal de la Font, represent this period. In Cova Negra, levels XIVeV correspond to two cold, harsh periods (MIS 5bed and 4), separated by a temperate phase (MIS 5a) (Villaverde, 1984 . At Cova de Dalt del Tossal de la Font, several levels have been assigned to MIS 5/4 (Saladié et al., 2010) .
Early studies at Cova Negra indicated a large number of carnivores, as well as red deer, horse, and rabbit (Pérez Ripoll, 1977) . The analysis of more recently excavated material presents a more nuanced interpretation (Martínez Valle, 2009 ). Megafauna dominates the assemblage, with several species of herbivores and carnivores found throughout the sequence, as well as a few smaller prey species such as lagomorphs and the hedgehog (Erinaceus europaeus). Furthermore, more than 40 species of birds have also been identified (Martínez Valle, 2009) , and as many of micromammals (Guillem, 2000) . The Mediterranean tortoise appears also quite frequently throughout the whole sequence (Morales and Sanchis, 2009 ). The most abundant remains are from adult red deer, which are mainly of anthropogenic origin as indicated by percussion marks and cut-marks. Horses are the next most common species, but their frequency diminishes through time. Horse bones show anthropogenic modification in some levels (VI and V) and carnivore damage in others (IX and VIII). Several other species also have evidence of cut-marks and percussion marks in various levels, including aurochs (level V) and rhinoceros (level XII). However, these species, along with the tahr, are generally rare in the assemblage. Coprolites and some of the carnivore damage indicate the presence of hyaena (Hyaenidae) in the lower levels, while much of the small game was likely accumulated by birds of prey (Sanchis, 2000 (Sanchis, , 2012 Martínez Valle, 2009) . All this suggests a higher development of forested environments during the lower part of the sequence, while open areas with some trees characterize the middle part of the sequence (Martínez Valle, 2009 ). In addition, the high frequency of carnivore bones suggests occasional abandonment of the site by humans.
The faunal assemblages from Cova de Dalt del Tossal de la Font have a slightly different profile from those at Cova Negra. There is a predominance of herbivores, with cervids being the most common, but a relatively high proportion of equids (possibly Equus hydruntinus), bovids and suids. The most abundant carnivores are small and medium felids. The most common herbivore body parts are those with low food index values (metapodials, basipodials and phalanges). Cut-marks and tooth-marks are found on some red deer bones, but carnivores seem to have been responsible for most of the accumulation. Small game, such as lagomorphs and tortoises, was also predominantly carnivore accumulated (Saladié et al., 2010) .
The later Late Pleistocene (MIS 3)
The final stage of Neanderthal occupation in this region occurred in MIS 3. Several sites have layers dating from this period, including the upper levels of Cova Negra (IVeI) (Villaverde, 1984 , the entire Mousterian sequence of Cova Beneito (XIIeX) Domènech, 2001) , and level IV of the recently excavated Abrigo de la Quebrada Eixea et al., 2013) .
A progressive decrease of cervids and horse is observed at the upper levels of Cova Negra, together with a considerable increase of caprinae (mainly tahr, but also Spanish ibex e Capra pyrenaica). Most of the caprinae remains are from juveniles and old individuals, and are predominantly represented by skull fragments and marginal limb parts. This assemblage is due to carnivore activity; only at level IIIb there is a mixed carnivore-anthropogenic signal. The deposit of cervid remains is also associated to carnivore activity, and most of them are from old and juvenile specimens. Horse remains indicate both carnivore and human activity, depending on the level. The few rhinoceros remains are carnivore accumulated (level IIIa). Although the most abundant signs on lagomorph and bird bones correspond to birds of prey, there are some cut-marks and tooth marks caused by Neanderthals (Martínez Valle, 2009 ). Eight species of carnivores are present at these upper levels, mostly wolf and dhole (Cuon sp.).
At Cova Beneito, Spanish ibex is the most common species (when lagomorphs are excluded), but its frequency varies from 65% in the lower levels (XII, XI) to 45e50% in the upper ones (X). Its decrease is associated with an increase in the percentages of red deer and horse. In the lower part of level X, Spanish ibex and red deer represent 80% of the identified skeletal remains, while in the upper part, Spanish ibex, red deer and horse add up to 90% of the total remains. There is low presence of other taxa such as chamois (Rupicapra rupicapra), aurochs, rhinoceros and wild boar. Carnivore remains are also very scarce. Lagomorphs and birds are more common in the lower levels than in the upper ones (Martínez . Both carnivores and humans were responsible for parts of the accumulation. Spanish ibex was accumulated predominantly by carnivores in level XI and the lower part of level X, but mostly accumulated by humans in level XII and the upper part of X. The red deer was accumulated by humans, except for level XII where both humans and carnivores contributed to the assemblage. Horse remains were also processed by Neanderthals. Some cut-marks are observed on wild boar and chamois bones, but the origin of large bovids and rhinoceros is unknown. Carnivore bones show no anthropogenic marks, and it is possible that hyaenas occupied the lower levels of the cavity as a den. Lagomorphs and birds were predominantly accumulated by raptors, with rare evidence of human action on them. The fauna from Cova Beneito is associated with a forested landscape with some humidity during most part of the sequence (XII, XI and beginning of X), while during the last moments (level X) there is a decrease in humidity and the development of more open areas.
The data from Cova Negra and Cova Beneito suggest the use of a non-specialised hunting strategy by Neanderthals, based on the capture of cervids, horse and some caprinae. This hunting strategy is associated with short, temporally separated occupations of the caves (high territorial mobility pattern). When humans were not using caves, hyaenas (lower levels of Cova Negra and Cova Beneito) or canids (upper levels of Cova Negra and several levels of Cova Beneito) occupied the sites and were the primary accumulators of herbivore remains. Throughout the sequences, birds of prey also occupied these sites or adjacent areas, producing most of the lagomorph and bird bone accumulations (Villaverde and Martínez Valle, 1992; Martínez Valle, 2009; Sanchis, 2012) .
The above-mentioned data for this period can be compared to the new results from the faunal assemblages of level IV (MIS 3) of Abrigo de la Quebrada . Spanish ibex and horse are more abundant than red deer (Fig. 3) . The caprinae remains are predominantly adults, with an equal representation of all anatomical parts. Similarly, Spanish ibex and red deer are predominantly adult specimens with equal representation of all body parts, suggesting these species were transported to the site as complete carcasses. This contrasts with equids, which are represented mostly by teeth, suggesting that Neanderthals selected only their heads. Other herbivores (rhinoceros and wild boar) and carnivores (fox) are rare. Small game is not abundant compared to large ungulates, and the primary accumulator is unknown. One tortoise shell plate has cutmarks on the inner side, suggesting that Neanderthals processed or consumed these reptiles (Fig. 4) . No carnivore marks have been found. The taxa found at this site and the distribution of anthropogenic marks suggest a diversified model of prey acquisition focused on middle-and large-sized ungulates from an environment characterized by areas of both high relief and valleys. These results are based on the analysis of two layers of level IV. The remaining material from other layers and levels is currently under study, which will provide information on how the occupation of this site changed through time. New work suggests that the lower levels may have a different model of shelter occupation .
Murcia
There are many Middle Palaeolithic sites in the Murcia region (Montes Bernárdez, 1992; Zilhão and Villaverde, 2008; Walker et al., 2012) , but the zooarchaeological data as yet are not as comprehensive as for the central Mediterranean region, so we present only a general overview.
There are important Mousterian sites along the coast, including Cueva de los Aviones (Cartagena), Sima de las Palomas del Cabezo Gordo (Torre Pacheco), and Cueva Perneras (Lorca). At these sites there are many mammals and occasionally marine molluscs from (2013) 1e16 7 rocky habitats. Mediterranean molluscs Monodonta turbinata, Patella ferruginosa and Mytilus edulis were present at Cueva de los Aviones, which today is on the shore but may have been 1e7 km away from the coast during the Pleistocene; the abundant mollusc remains are evidence of dietary and possibly symbolic use (Montes Bernárdez, 1988 , 1989 Zilhão et al., 2010) . These marine resources may have been an important complement of Neanderthal diet at Cueva de los Aviones though terrestrial mammals and reptiles are also represented. The situation is very different at the Sima de las Palomas del Cabezo Gordo, which is only 4 km from the large Mediterranean lagoon called the Mar Menor, and can have been hardly more than 10 km from the sea even at times of maximal marine regression. The site has important excavated Neanderthal articulated skeletons and Mousterian tools dating from ca. 50 ka. Despite its proximity to the sea, fewer than half-a-dozen fragments of marine molluscs (Pecten maximus and Cerastoderma edule) have been found, while terrestrial fauna is abundant, and includes leopard (Panthera pardus), hyaena, lynx, wild cat (Felis silvestris), wolf, fox, badger (Meles sp.), porcupine (Hystrix brachyura), hippopotamus, rhinoceros, horse, wild ass (Equus africanus), aurochs, Spanish ibex, red deer, fallow deer, rabbit, hedgehog, bat (Chiroptera), tortoise and lizard (Lacertilia) (Walker et al., 2012) . Some leopard, hyaena and horse remains show signs of having been burnt, which implies that humans had killed them. A hippopotamus incisor has an artificial groove, perhaps for suspension.
There are several cave sites in the inland part of the Murcian region with Late Pleistocene Mousterian assemblages, including Abrigo Grande del Cabezo Negro and Cueva Antón, as well as several open-air sites. These sites preserve different tool technologies, but all are associated with a typical faunal assemblage from this stage of the Late Pleistocene that includes red deer, Spanish ibex, horse and rabbit, as well as tortoise and hyaena (Montes Bernárdez, 1992) . At Cueva Antón, the most abundant faunal remains are lagomorphs, mostly in levels I and II (Sanchis, 2012) . Based on beak-marks, age-profiles, and degree of fragmentation, these rabbits were accumulated by raptors (levels IIkel and IIu), and are not associated with the other faunal remains (red deer) that appear almost exclusively in level III. The biggest faunal remains from level III have anthropogenic modifications, including cutmarks and percussion fractures, and many are associated with combustion structures. However, there are very few tools, and the low numbers of processed bones suggest very short stays and/or very specific activities Zilhão et al., 2010) .
In summary, for both the central and southeastern Mediterranean regions of Iberia, the patterns among the fauna suggest that Neanderthals were making use of the foods that were available locally, depending on the current environmental conditions and on the location of the sites (latitude, altitude, sea proximity). The zooarchaeological studies done in these sites show that Neanderthal diet was based on medium and large-sized animals, and only some sites like Cova del Bolomor show significant capture of small game (Table 1) . Overall, these results do not differ greatly from those observed in other southern regions of the Iberian Peninsula (Haws et al., 2011) . 3 IV (c7) Unknown 6.8 3 IV (c6) Unknown 19.9 Cueva Antón (Sanchis, 2012) 
Stable isotopes and palaeodietary reconstructions
Carbon and nitrogen stable isotope analysis are a commonly used method for the reconstruction of past human and animal diets. This technique is based on the principle that the isotopic composition of the food eaten by both animals and humans is recorded on their body tissues after a predictable isotope fractionation (Schoeller, 1999 , and see reviews by; Ambrose, 1993; Katzenberg, 2000; Sealy, 2001; Lee-Thorp, 2008) .
The relative abundance of the stable carbon isotopes 13 C and 12 C (d 13 C) clearly distinguishes the consumption of terrestrial ( 13 C depleted) and marine foods ( 13 C enriched) (Chisholm et al., 1982) . It helps as well to differentiate between the dietary input from C 3 plants or animals that consumed them ( 13 C depleted) and from C 4 resources ( 13 C enriched) (Van der Merwe and Vogel, 1978) . However, since no edible C 4 plants are known in Europe during the Neanderthal era (Cerling, 1999; Sage et al., 1999) , the main use of carbon isotopes is for estimating the consumption of marine proteins. In an ecosystem devoid of C 4 plants such as the European one, a d
13
C value around À20& would indicate a diet of entirely terrestrial foods, while a value about À12& would indicate that almost all of the ingested protein was of marine origin.
The nitrogen stable isotope ratio of 15 N and 14 N (d 15 N) increases by 3e5& with each trophic level up the food chain, which means that the consumer has higher values than the consumed protein (De Niro and Epstein, 1981; Schoeninger and De Niro, 1984) . This makes nitrogen stable isotopes useful for detecting the presence of high trophic level marine and freshwater fish in the diet (Schoeninger et al., 1983) , as well as for distinguishing animal-rich diets from plant-rich diets (low values of d 15 N mean a higher consumption of plant foods, while high values mean higher meat consumption) (Minagawa and Wada, 1984) .
Collagen from bones and teeth is the preferred substrate for carbon and nitrogen stable isotope analysis, because it provides accepted quality indicators of its isotope integrity and it is the only considerable nitrogen source from skeletal remains (De Niro, 1985; Van Klinken, 1999) . Several characteristics of collagen must be considered when proceeding with dietary reconstruction. Although bone is renewed constantly, since collagen turnover is quite low and decreases significantly after the growth period, collagen stable isotope values reflect an average diet thought to represent at least 5e15 years of an individual's life prior to its death (Hedges et al., 2007) . Also, collagen stable isotope ratios reflect the isotopic signals of the main dietary protein sources rather than that of diet as a whole, especially for nitrogen (Ambrose and Norr, 1993) . Depending on dietary protein levels, carbon may be derived from other dietary macronutrients (sugars and fats) (Howland et al., 2003; Jim et al., 2006) .
Neanderthal dietary isotopic evidence
Palaeodietary reconstructions carried out during the last two decades on Neanderthal specimens and associated fauna from between 120 and 30 ka have provided information about the diet of these Pleistocene humans. The first analysis on Neanderthals was done on Les Pradelles (France) (Fizet et al., 1995) . Since then, about twenty other specimens have been analysed around the Eurasian continent (see review from Richards and Trinkaus, 2009) . These analyses show a quite uniform Neanderthal dietary trophic ecology, regardless of geographic area and chronology. They place Neanderthals on the highest level of the food chain, and suggest that Neanderthals were top predators that obtained almost all of their dietary protein from animal resources, mainly medium and largesized herbivores from open-air areas (Lee- Thorp and Sponheimer, 2006 ). This interpretation is based on the comparison of their nitrogen isotopic signatures to that of contemporary animal bones, some of which come from the same sites and layers as the Neanderthal specimens (e.g., Richards et al., 2000 Bocherens et al., 2005) , and others that come from faunal accumulations that provide ecological niche information (e.g., Iacumin et al., 2000; Richards and Hedges, 2003) . In all of these comparisons Neanderthals have much higher nitrogen values than those from herbivores such as the horse, reindeer (Rangifer tarandus), red deer, Spanish ibex, chamois, steppe bison (Bison priscus) or aurochs, and are similar to or a bit higher than those of predators such as the wolf, hyena and lion. Though these analyses can't rule out plant consumption because of their methodological limitations, they may suggest that Neanderthals did not regularly consume plant protein. Furthermore, there is no isotopic evidence for any marine or freshwater protein consumption by Neanderthals.
This high level of animal protein indicated by the nitrogen isotopes is consistent only with constant and active sophisticated hunting (Richards, 2002; Richards and Schmitz, 2008) supported by developed speech skills as suggested by their genetics (Krause et al., 2007) . These results suggest a rigid dietary pattern among Neanderthals that is specific to them as a species. This would mean that they could have been more vulnerable in case they competed for food resources during the Middle and Upper Palaeolithic transition with modern humans (Bocherens and Drucker, 2006) , of which the isotopic evidence suggest a higher variability in the diet (Richards and Trinkaus, 2009 ). However, all of these interpretations are based on analyses carried out on Neanderthals from northern latitudes and cold environments. Only recently have some results from a more southern and temperate region, the central area of the Mediterranean coast of Iberia, begun to show a broader picture on Neanderthal isotopic values and their palaeodietary implications (Salazar-García, 2012).
Isotopic evidence from central Mediterranean Iberia
The Neanderthal carbon and nitrogen isotope ratio values from four human remains of Cova Negra and Abric del Salt, as well as their associated fauna, are an important contribution to the debate about Neanderthal dietary rigidity (Salazar-García, 2012) . They begin to fill the empty void of isotopic studies on Neanderthals from southern Europe and other latitudes at which climatic conditions were milder and where more abundant edible plant foods existed. Part of the reason for the lack of information on these latitudes is that these same warmer climatic conditions have made it more difficult for collagen to be preserved.
The results from Cova Negra and Abric del Salt show for the first time that Neanderthals living in more temperate environments present similar values to those living in more cold environments. These stable isotope results describe a diet for these Eastern Iberia Neanderthals that is largely terrestrial and based on large and medium-sized herbivores. Its interpretation is compatible with the zooarchaeological studies at both sites, where all of the faunal remains are from terrestrial animals, as already discussed, showing that Neanderthals living in the less cold and arid regions of Europe are also top-level carnivores.
Although plant food resources were available to Neanderthals (seeds, acorns, wild berries, wild olives, etc.) in this region, it is not surprising that the isotope evidence from these southern European Neanderthals shows no trace of them as a major part of the diet, considering that when a lot of meat is eaten there is a low resolution detecting plant consumption. Therefore it is necessary to assess the plant consumption issue by studying phytolith and starch grain analysis on dental calculus from other Neanderthal specimens of the region. Still, so far the only direct evidence of long-term food consumption, carbon and nitrogen stable isotope analysis on bone collagen continue to show that Neanderthal dietary protein was dominated by animal protein.
The role of plant foods
Evidence of Neanderthal plant consumption
Relatively few studies have examined plant use by Neanderthals. Nutritional and energetic studies indicate that Neanderthals could not have survived solely on terrestrial game (Hockett, 2012) , and plant foods would have provided at least some of the required nutrients and calories (Jones, 2009) . Evidence for Neanderthal plant use comes from a variety of sources. Studies of Neanderthal tools from Eastern and Western European sites have shown that they were using several kinds of plants (Hardy et al., 2001; Hardy, 2004) . Dental microwear studies suggest that Neanderthals from lower latitudes consumed a mixed diet including plants (El Zaatari et al., 2011) . Macrobotanical analysis at the Middle Palaeolithic site of Kebara (Israel) identified the charred remains of seeds preserved in hearths and found evidence for use of legumes, acorns and pistachio nuts (Lev et al., 2005) . Studies of plant microremains preserved in soils (Henry et al., 1996 (Henry et al., , 2004 Albert et al., 1999 Albert et al., , 2000 Rosen, 2003) and dental calculus (Henry et al., 2011) from Near Eastern sites suggest that Neanderthals may have consumed a variety of plant foods such as date palms and grains. In cold northern European environments, the study of phytoliths and starch grains in dental calculus from Spy Cave (Belgium) indicated that grass seeds and underground storage organisms were part of Neanderthal diet (Henry et al., 2011) .
In this context, information on plant microremains from the Western Mediterranean is almost compulsory. Though the environmental reconstructions of southeastern Iberia suggest abundant plant foods, relatively little is actually known about Neanderthal consumption of these foods. Palynology implies the existence of productive ecosystems during the Middle Pleistocene, but also indicates that southeastern Iberia may have had environments were plant foods were more important than in other regions. Forested landscapes of the Middle Pleistocene have been generally characterized as less suited for supporting the prey favoured by Neanderthals (Gaudzinski-Windheuser and Roebroeks, 2011) . However, the forests present in southeastern Iberia would have been Mediterranean rather than dense coniferous forests. This zone, which was surrounded by extensive belts of intermediate habitat deciduous forest, would have provided a seasonal abundance of energyrich edible plant foods such as hazel (Corylus avellana), olive (Olea europaea), legumes (Fabaceae), acorns (Quercus spp.), walnut (Juglans spp.), pistachio (Pistacia spp.), grape (Vitis spp.), strawberry tree fruit (Arbutus unedo) and pine nuts (Pinus spp.). Furthermore, other studies have also indicated that plants were important parts of Neanderthal diets not only in southernmost parts such as at Gorham's Cave in Gibraltar , but even in northern parts of Spain (Hardy et al., 2012) . Therefore, plant foods may have been especially important in Neanderthal diets in southeastern Iberian refugia.
Direct evidence of plant use at Sima de las Palomas
To investigate non-meat diet in this region, we collected dental calculus from Neanderthals at Sima de las Palomas, Murcia, and analysed the plant microfossils it contained. Excavations at Sima de las Palomas by Walker and colleagues have recovered Neanderthal remains including three articulated skeletons in anatomical connection, and apart from teeth in their alveoli there are another 60 separate isolated teeth (Walker et al., 2008 (Walker et al., , 2010 (Walker et al., , 2011a (Walker et al., , 2011b (Walker et al., , 2012 .
In multiple studies, both modern and ancient dental calculus has been demonstrated to entrap food remains, such as starches and phytoliths (Armitage, 1975; Boyadjian et al., 2007; Henry and Piperno, 2008; Piperno and Dillehay, 2008) . These food particles can provide information on plant matter that entered the mouth during life. Thus this approach can overcome some of the taphonomic biases that otherwise obscure the evidence of plant use.
We collected dental calculus from eleven Neanderthal teeth. The sampled teeth had a visible band of hard supragingival calculus situated on the tooth surface. Additionally, we studied the residues on seven Mousterian tools from the site. Each tool was sampled on both worked and unworked faces (the unworked or unused face is defined as the butt flake end while the used edge was defined as the retouched edge of the flake).
We also took a variety of control samples, including calculus from seven carnivore teeth and cotton storage material. The carnivores may have consumed plant matter, but these plants are unlikely to have been the same species eaten by Neanderthals, and would have been consumed only intermittently. We also processed sediments and took wash samples of randomly selected unworked stones as tests for contamination from the surrounding cave sediment. Microfossils were photographed, described, and documented using the International Code for Starch Nomenclature (ICSN, 2011) and International code of phytolith nomenclature (Madella et al., 2005) . Images of all microfossils are accessible on the Archaeological Microfossil Database of the Plant Foods and Hominin Dietary Ecology Research Group at the Max-Planck Institute for Evolutionary Anthropology. Microfossils were assigned to types based on their shared morphology. Some of the types may be unique to a single plant, but other types may all have originated from one plant. For example, three phytolith types (short-cell, bulliform and psilate) may all represent a single species of grass. Furthermore, many categories of plant food, which would have been regionally present, are likely to have few or no phytoliths or starches. These include lipid, sugar or inulin-rich plants, like olive, walnut, and pistachio. Where possible, the microfossil types were identified to plant part and taxonomic origin based on comparisons to a reference collection of over 1000 plants.
We recovered both phytoliths and starch grains, and observed more than nine microfossil types from the Neanderthal calculus (Tables 2 and 3 ). The microfossil counts from these remains are not high. The recovered microfossils indicate that the Neanderthals consumed a diversity of plant types, such as leafy matter indicated by polyhedral phytolith multi-cells, hard endosperm of seeds or nuts as well as grass seeds (Table 4 , Fig. 5 ), and possibly underground storage organs (Fig. 6) . The starch grains found in calculus largely overlap with the types recovered on the stone tools (Table 4) . Stone tools are more prone to environmental contamination as they may lack a protective matrix of calculus but many studies have suggested that the risk is predominantly post-excavation (Loy and Barton, 2005; Williamson, 2005) . Experimental studies have indicated that microfossils occur on tool surfaces that are unused (Fullagar et al., 2006) . The wash samples of randomly selected stones show phytoliths and some starch contamination, however these stones were selected from a unit balk that was exposed to atmospheric airborne microfossils for an extended period of time. Sediment samples that were from unexposed areas have few microfossils, suggesting low contamination from the burial matrix. Carnivore calculus showed one starch and several grass phytoliths, which may have resulted from rare incidences of plant consumption The low numbers do not support contamination from cave sediment.
All of these results are the first direct evidence of Palaeolithic plant consumption in Mediterranean Iberia. The recovered microfossils suggest that Neanderthals consumed some diversity of plant species. And, although we cannot yet fully model the relative consumption of plant foods versus other foods, our results also support other studies that suggest that plants may have been regularly consumed and an important source of nutrients for Neanderthals, if not a major source of calories. Previous studies have noted that several of the Sima de las Palomas individuals have dental caries (Walker et al., 2011c) . Dental caries are rare in Neanderthals. In modern human populations, the frequency of caries Spherical or ovoid morphotype which is similar to type 1 but features a hilum opening creating a central aperture, centric extinction cross. Type 3: lenticular shape with lamellae, and may have a dimple, centric exaction cross, probably Triticeae starch. Type 4: Large with a strongly eccentric hilum and extinction cross, triangular or prolate ellipsoid in shape, possibly suggests underground storage organ starch. Type 5: polyhedral with a straight and distinct cross, indicative of hard endosperm starch of seeds, nuts or grains. Type 6: Sub-polyhedral with centric extinction cross, indicative of hard endosperm starch of seeds or nuts or grains (Shapter et al., 2008) . Type 7: Polyhedral starch with some fissures radiating from hilum. Centric extinction cross present. Type 8: small circular starch clump. Centric extinction cross. D/I: forms which were classified as indeterminate types or damaged starches. Polyhedral multi-cell: a phytolith produced leaf epidermal tissue. Short-cell, bulliform and psilates are all phytoliths produced by the grass family.
is in part influenced by diet, with carbohydrate-rich diets often inducing more caries (Mandel, 1979) . Though the presence of caries on Neanderthal teeth may be more complex than a product of diet (So1tysiak, 2012), the rarity of Neanderthal dental pathologies is usually attributed to their heavy consumption of meat. Thus, the pathology of Sima de las Palomas also gives support to higher than average consumption of carbohydrates in this group of Neanderthals (Walker et al., 2011c) .
However, the availability of energy-rich plants would likely have been largely seasonal. Targeted exploitation of nutrient-rich plants may not have been an effective strategy in certain seasons and environments, for example in dry inland areas in winter/spring. The finding of a variety of plants on Neanderthal teeth suggests they were using the environment comparably to later, modern human foragers. During the succeeding Upper Palaeolithic and Epipalaeolithic periods, hunteregatherers in southeastern Iberia consumed some quantities of grass seeds (Aura et al., 2005) . Although our results show at least grass seeds may have been utilised since the Middle Palaeolithic, we cannot rule out further overlap in gathered plant foods with later foragers.
Conclusions
Faunal analysis suggests diverse Neanderthal hunting and site occupation behaviours, which probably varied in response to local or global climate variation. There is some evidence from coastal sites of minor consumption of marine resources, but terrestrial animals still make up the largest component of the faunal profile at all sites and through all time periods. This is consistent with the isotope evidence, which indicates overwhelming consumption of terrestrial protein sources, as is common among Neanderthals from other areas of Europe. There is some evidence to suggest that Neanderthals consumed a variety of plant foods, but it is likely that these plants were not a dominant proportion of the diet, and may have been eaten only during certain seasons.
Overall, these results suggest that Neanderthals living in the warmer, wetter environments of Mediterranean Iberia were predominantly hunters of medium and large-bodied prey. Although this pattern is similar to those seen in other areas of Europe, the evidence for consumption of small game, aquatic resources and plant foods allows us to conclude that Neanderthal dietary behaviour was to a certain degree influenced by environmental factors and new potential food resources, and therefore not as rigid as previously considered.
